, and L-amino acids (7, 9, 16, 26) have been identified as luminal stimulants of pancreatic enzyme or protein secretion; however, almost nothing is known about a) the specific effects of these various products in relation to their chemical composition, b) the relative potencies of each type of digestive product, or even c) the likely sequence of pancreatic stimulation by protein products liberated as protein is digested along the gastrointestinal tract. What follows is a series of three reports of work designed to unravel these questions. This first report extends existing data about the mode of action of luminal L-amino acids as stimulants of pancreatic secretion; two subsequent reports are concerned with the effects of oligopeptides (15) and protein digests (14).
Am.
J. Physiol. 231(3): 669-677. 1976. -Pancreatic protein and bicarbonate outputs were measured in dogs with pancreatic fktulas receiving intravenous secretin while individual L-amino acids or mixtures of Lamino acids were perfused into proximal intestine. Both phenylalanine and tryptophan were potent stimuli of pancreatic secretion; alanine, leucine, and valine increased protein outputs but their effects were small and not statistically significant. Six other amino acids were ineffective. Tryptophan perfused together with phenylalanine augmented responses to phenylalanine; methionine, ineffective when perfused alone, did not alter responses to phenylalanine when perfused with the latt.er. Responses to phenylalanine perfused at concentrations above 8 mM were dependent on load and were mediated by lengths of proximal bowel greater than 10 cm. phenylalanine; tryptophan; secretin; gastric fistulas; pancreatic fktulas SINCE DOGS EXHIBIT a pancreatic secretory response to protein meals (3, 5), it might be assumed that protein or products of protein digestion in the gut lumen stimulate pancreatic secretion. Indeed, since the 1940s protein digests (25), peptides (25, 26), and L-amino acids (7, 9, 16, 26) have been identified as luminal stimulants of pancreatic enzyme or protein secretion; however, almost nothing is known about a) the specific effects of these various products in relation to their chemical composition, b) the relative potencies of each type of digestive product, or even c) the likely sequence of pancreatic stimulation by protein products liberated as protein is digested along the gastrointestinal tract. What follows is a series of three reports of work designed to unravel these questions. This first report extends existing data about the mode of action of luminal L-amino acids as stimulants of pancreatic secretion; two subsequent reports are concerned with the effects of oligopeptides (15) and protein digests (14) .
To date, all studies (7-10, 16, 26) of intestinally instilled amino acids have left some doubts as to the probable importance of amino acids as stimulants of pancreatic secretion during normal alimentation. High loads (millimoles/time) have had to be instilled to evoke modest rates of secretion. Such loads were achieved by instilling a single amino acid (9, 16) or a mixture of two amino acids (8) at concentrations far in excess of those found in the gut lumen during normal alimentation. To explain this paradox, it has been assumed that mixtures of many amino acids, each individually at low concentration within the mixture, would have the same effect as instillates of one or two amino acids at high concentrations (26); however, some observations (7) have militated against this assumption.
The present studies were undertaken to clarify this problem. The first question was whether pancreatic response to an intestinally perfused amino acid was related to load, independent of concentration; that is, could a known stimulant (phenylalanine) evoke a pancreatic response when instilled at low concentrations, provided the load was kept high enough? Other answers were sought relating to the above assumption: a) do all, or only some, amino acids stimulate; and b) do mixtures of amino acids possess potency beyond that ascribable to stimulants within the mixture?
METHODS

Animal
preparations.
Mongrel dogs (20-25 kg) were prepared with chronic gastric and pancreatic fistulas (17). In addition, all dogs were provided with a cuff of Dacron mesh around the first portion of the duodenum (17). In two dogs, a second Dacron cuff was placed around the duodenum 10 cm beyond the pylorus just proximal to the duodenal Thomas cannula. Still other dogs had a second Dacron cuff placed 45 cm beyond the pylorus, just proximal to a chronic jejunal fistula made with a miniature Thomas cannula (Fig. 1) . As previously described (18), the cuffs of Dacron around the bowel were used to splint the intestinal wall and thus facilitate seals between the bowel wall and a balloon of a Foley catheter inflated in the gut lumen beneath the Dacron cuff. Thus, perfusate was introduced into the gut via a Foley catheter pulled from the open gastric fistula through the pylorus with its balloon inflated in the first portion of the duodenum to prevent reflux of perfusate from duodenum to stomach (17). In dogs with a second Dacron cuff (at 10 or 45 cm from the pylorus), Foley catheters could be inserted in an orad direction through an adjacent duodenal or jejunal fistula. Such catheters allowed quantitative diversion and collection of perfusate from a defined length of proximal bowel when desired; alternatively, when the distal Foley catheters were removed and the intestinal cannulas corked, these same dogs could be perfused with solutions having access to the entire small bowel (18).
Dogs were used no sooner than 3 wk after surgery and no more often than on alternate days, 3 times/wk. They were deprived of food, but not water, for at least 18 h prior to each test.
Perfusates. All perfusates were made up on the day of the experiment with chemically pure L-amino acids (Schwarz/Mann).
Solutions were brought to pH 7.0 by adding NaOH as required and were made 308 _t 10 mosM by adding mannitol, the final osmolarity being verified with an osmometer.
All perfusates contained phenol red to indicate reflux of perfusate from duodenum to stomach (as noted by phenol red recovery from the open gastric fistula), leakage of perfusate around distal collecting Foley catheters (in diversion experiments), or leakage of indicator into collected pancreatic secretions (as the result of a loose cannula connection). Such leakage of perfusate occurred only occasionally; when noted, the experiment was excluded and repeated on a subsequent day in the same animal.
AnaZysesl Pancreatic juice was collected in 15min fractions.
The volume of each 15min collection was measured to the nearest 0.1 ml. Protein concentration in the pancreatic juice was measured spectrophotometricall .y at 280 nm (compared with a bovine albumin standard); bicarbonate concentration was determined by adding an excess of 0.1 N HCI to a sample, gently boiling, and backtitrating the excess of HCl with NaOH to pH 7 (20)
In experiments in which phenylalanine (Phe)-containing perfusates were diverted from the proximal gut, diverted perfusates were collected in 15min fractions and the volume of each 15-min collection was measured to the nearest 0.1 ml. A sample of supernatant from each centrifuged fraction was then diluted l/100 with distilled water, and phenylalanine concentration was measured by the L-amino acid oxidase method of LaDue and Michael (11). Neither bile, phenol red, nor methionine in the perfusate interfered with this determination, and recovery of phenylalanine added to intestinal contents was found to be quantitative.
Recovery of inOn each experimental day, dogs were cannulated and intubated with the Foley catheters; thereafter the intestine was perfused with 0.15 M NaCl at 25 ml/15 min for 1 h with a peristaltic pump. During this hour, an intravenous catheter was inserted into a leg vein, and a continuous intravenous infusion of sterile 0.15 M NaCl at 10 ml/15 min was started with a syringe pump. When the test was begun, the intravenous saline infusion was replaced with an infusion of secretin in 0.15 M NaC1, which was continued for 105 min thereafter.
During the first 45 min of intravenous secretin, intestinal perfusion with saline was continued; during the last 60 min of the secretin infusion, the duodenal perfusion was changed to amino acid or 0.3 M mannitol (control), which was delivered into the duodenum through an inflated Foley catheter at a rate of 25 t 1 ml/h unless otherwise stated. To determine whether dose-response relationships depended on concentration vs. load of phenylalanine instilled, the load of phenylalanine was varied by instilling three concentrations at varying rates of volume flow. Regardless of the concentration selected, comparable loads of phenylalanine produced comparable outputs of pancreatic protein (Table lA> . This finding indicated that pancreatic protein response to duodenal phenylalanine was related to load, rather than simply related to the concentration of infused phenylalanine.
Such load dependence of bicarbonate response was not observed, however. All loads or concentrations of luminal phenylalanine increased the bicarbonate response to the intravenous secretin, but there was no clear relationship between either the load or the concentration of the infused phenylalanine and the pancreatic bicarbonate output observed in the present experiments (Table IB) . Two dogs with a second Dacron cuff 10 cm beyond the pylorus were perfused at the pylorus with 128 mM phenylalanine, 3.2 mmol/l5 min, during a constant intravenous infusion of secretin, 0.5 U/kg l h. The phenylalanine was either diverted from the gut 10 cm beyond the pylorus or allowed access to the entire small bowel. When the phenylalanine was diverted, pancreatic responses did not exceed those of control perfusions (mannitol allowed access to the whole gut); however, when the phenylalanine was allowed access to the whole gut, both the bicarbonate and protein responses were increased over those obtained during control perfusions with mannitol (Table 3) . Less than 10% of the phenylalanine instilled was absorbed by the proximal lo-cm segment of gut (Table 4) Dogs with a second Dacron cuff placed 45 cm beyond the pylorus were used. While dogs received a constant intravenous secretin infusion of 0.5 U/kg l h, 3.2 mmol phenylalanine/E min were infused either at the pylorus (via Foley catheter in the first portion of the duodenum) or at a point 45 cm distal to the pylorus. Phenylalanine was instilled at the distal site through a hypodermic needle in the corked jejunal cannula; orad reflux of the perfusate was prevented by a blocking Foley balloon inflated beneath the Dacron cuff just proximal to the jejunal infusion site. During the perfusion of distal bowel, the proximal 45-cm segment of gut was perfused with 0.15 M NaCl, which exited from the proximal 45-cm segment via the jejunal blocking Foley catheter; no phenol red (indicator in the phenylalanine perfusate) was detected in the saline runoff from the proximal segment, indicating that the phenylalanine instilled distally had not refluxed into the proximal segment. Pancreatic responses were the same whether the phenylalanine was instilled at the pylorus or at the distal site; both responses were significantly greater than control (mannitol) values (Table 2) Values are means + SE from same experiments shown in Table 3 .
Other individual amino acids. To determine whether amino acids other than phenylalanine could stimulate, 11 individual amino acids were intestinally perfused. These experiments were run consecutively in a group of three dogs receiving intravenous secretin, 0.5 U/kg l h. Each amino acid was tested in blocks of four experiments. On the 1st day, the dogs received duodenal mannitol (null control); on the 2nd and 3rd days, the intestine was perfused with 3.2 mmol/l5 min of the amino acid being tested. On the 4th day, the dogs received 3.2 mmol phenylalanine/l5 min (positive control). The responses to each newly tested amino acid were compared with responses to mannitol and phenylalanine controls (2 runs each) obtained on days immediately prior to and after the 2 days of amino acid testing. During some of these blocks of experiments (Table 5) , one member of the group of dogs had to be replaced by another dog and hence some experiments did not achieve a full six observations. All amino acids except tryptophan were infused at 128 mM concentrations; because of its relative insolubility, tryptophan was instilled at 32 mM at 100 ml/15 min, and the controls (308 mosM mannitol or 32 mM phenylalanine)
were infused at the same rate of flow. Of the amino acids tested, few appeared to stimulate. Tryptophan was a highly effective stimulus of both protein and bicarbonate secretion, comparable to phenylalanine. None of the other amino acids evoked significantly higher outputs than the mannitol controls (Table  5) ) although alanine, leucine, and valine produced higher mean protein outputs than mannitol.
Tests with mixtures of amino acids. To study interactions between amino acids, two doses of phenylalanine 
Experiments were conducted in dogs receiving a constant intravenous infusion of secretin, 1.0 U/kg* h. Only one intestinal perfusion was carried out on a given test day, each dose of phenylalanine infused alone being paired with the same dose of phenylalanine plus the other amino acid on the next experimental day. In the tryptophan experiment, mannitol controls and control perfusions with tryptophan alone were randomized with the phenylalanine infusions.
In the first experiment (Fig. 2) , 15 mM phenylalanine and 15 mM tryptophan each significantly (P < 0.005, unpaired t test) increased protein output over that evoked by the mannitol control perfusion; each amino acid, when perfused alone, also increased bicarbonate outputs over the control values, though only tryptophan did so significantly. Perfusing 15 mM tryptophan together with 15 or 60 mM phenylalanine increased protein outputs to levels higher than those obtained with 15 mM tryptophan alone, 15 mM phenylalanine alone, or 60 mM phenylalanine alone. Differences, however, were only significant (P < 0.05) by t test for unpaired values between 15 mM phenylalanine vs. 15 mM phenylalanine plus 15 mM tyrptophan. Bicarbonate responses to 15 mM tryptophan alone or 15 mM tryptophan plus phenylalanine were all of about the same magnitude and were higher, though not significantly so, than those to 15 mM phenylalanine alone (Fig. 2) . Thus, though statistical significance was not achieved in most cases, the mean protein outputs observed indicated that the two amino acids had additive effects on protein response (discussed further below).
In the second experiment (Fig. 3) , 15 or 60 mM phenylalanine was infused alone or together with 180 mM methionine in another set of two dogs; 180 mM methionine perfused together with the phenylalanine did not significantly affect the responses to the phenylalanine.
An attempt was made to generalize these results by increasing the complexity of the mixtures. A mixture of stimulants (10 mM phenylalanine + 7.5 mM tryptophan) was perfused alone or with a mixture of nonstimulating amino acids (20 mM each of glutamate, aspartate, lysine, arginine, glycine, methionine, and histidine) in dogs receiving intravenous secretin 0.5 U/ kg l h. Addition of the seven nonstimulating amino acids to the phenylalanine-tryptophan mixture did not alter pancreatic response to phenylalanine plus tryptophan (Table 6) .
Since neutral amino acids are known to compete with each other for intestinal absorption (l), the failure of 180 mM methionine to affect responses to phenylalanine was somewhat unexpected. To investigate interrelationships between intestinal absorption and pancreatic stimulation, two dogs equipped with a second Dacron cuff 45 cm beyond the pylorus were perfused on multiple occasions with either 60 mM phenylalanine or 60 mM phenylalanine plus 180 mM methionine. Each perfusate was allowed access to the whole small bowel or was diverted completely from the gut at a point 45 cm from the pylorus. Phenylalanine alone vs. phenylalanine -YE-.-E 500 m -. plus methionine perfusates were alternated on consecutive experimental days. During all perfusions, the dogs received intravenous secretin in a dose of 1 .O U/kg. h.
As expected, the 180 mM methionine significantly (P < 0.05) decreased the amount of phenylalanine absorbed by the 45-cm segment ( Thus 8 or 32 mM phenylalanine evoked more protein secretion when instilled at 100 ml/15 min than when perfused at 25 ml/l5 min (Table lA) . Likewise, equal loads of phenylalamine produced correspondingly equal protein outputs, regardless of the concentrations infused (Table lA>. However, the bicarbonate outputs (Table 1B) in the same experiments did not reflect this pattern. Regardless of the phenylalamine dose, the mean bicarbonate phenylalanine was instilled at a load of 1.6 mmol/l5 min, two-thirds of the phenylalanine was absorbed in the proximal 45 cm of gut and only one-third continued on to the distal small intestine (Table 7) . This small fraction (one-third) of the phenylalanine load allowed access to the distal gut did not appreciably increase pancreatic response over that generated from the proximal 45-cm segment (Table 7) . By contrast, when the same load of phenylalanine was perfused with 180 mM methionine, 60% of the instilled phenylalanine entered the distal small gut; correspondingly greater pancreatic protein outputs were generated (Table 7 ) from the whole gut than from the proximal 45-cm segment. Overall, however, perfusion of either perfusate into the whole gut did not produce different pancreatic responses (Table 7), just as it did not in the previous experiment (Fig.  3) . This paradoxi.e., no significant change in wholegut response, but an increase in response coming from the distal segments of the jejunum-arose from the fact that the 180 mM methionine reduced the pancreatic responses mediated by the proximal 45-cm segment (Table 7). output remained at a nearly constant level above the output evoked by the mannitol control perfusion. Probably because the present experiments were conducted with doses of secretin in the steep part of the canine bicarbonate dose-response curve (IS), much variation in bicarbonate outputs was encountered throughout these experiments.
We believe such variation accounted for frequent failure to observe effects on bicarbonate outputs entirely parallel to effects on protein responses. Because of these considerations, we have taken the protein response to perfused amino acids in these and subsequent experiments as more indicative than the bicarbonate outputs of the overall response patterns to perfused amino acids. We therefore conclude that pancreatic response to phenylalamine is a load-related rather than concentration-related response. This conclusion is somewhat at variance with previous work with other receptor systems showing concentration dependence. Yet, in the present experiments, 8 mM phenylalamine evoked as much protein output at comparable loads as 32 mM phenylalanine, which in turn stimulated as much protein secretion as comparable loads of 128 mM phenylalanine. case gut receptors to HS ion showed diminishing responsiveness to H+ ion concentrations below 1 mM, but above 1 mM concentrations of infused H+ ion the pancreatic bicarbonate response varied with the load of hydrogen ion infused, dependent on concentration only as concentration affected the load (17, 20). Pancreatic bicarbonate response patterns to intestinally perfused acid could be explained by the distribution of receptors along the gut; that is, as acid load was increased, more and more receptors along the gut were exposed to hydrogen ion concentrations above 1 mM and consequently pancreatic bicarbonate outputs increased (18). In turn, longer and longer lengths of gut were exposed to high concentrations of acid infused at increasing loads because the proximal bowel had a limited capacity to dispose of infused hydrogen ion (18).
The present experiments suggest an entirely analogous situation with pancreatic protein response to perfused phenylalanine.
Gut receptors mediating this response were shown to be widely distributed along the proximal gut; thus pancreatic responses to 3.2 mmol phenylalanine/X?min were the same whether the phenylalanine was perfused at the pylorus or 45 cm distal to the pylorus (Table 2) . Subsequent experiments (Table 3 ) showed little of this response was mediated by segments of proximal bowel 10 cm in length and only about twothirds of this response was mediated by segments of bowel 45 cm in length. From such results, it can be reasonably concluded that receptors mediating pancreatic responses to phenylalanine extend along the gut more than 90 cm from the pylorus. Likewise, the canine gut exhibited a maximal rate of phenylalanine absorption of 17 ,umol/min l cm, achieved when 1.6 or 3.2 mmol/ 15 min were perfused through lo-or 45-cm segments of proximal bowel in concentrations ranging from 32 to 128 mM (Tables 4 and 7) . It follows that the higher the load of phenylalanine introduced at the pylorus, the longer the length of gut exposed to maximally effective concentrations of the amino acid. Since long lengths of proximal bowel bear receptors, the higher the load, the more receptors excited, and therefore the higher the pancreatic response. All data obtained (Tables 2-4, and 7) were consistent with this hypothesis.
There is little other information on dose relationships in the current literature.
Two other studies (9, 16) have shown that the canine pancreas responds in a doserelated fashion to increasing loads of perfused individual amino acids, where loads were increased by increasing concentrations of the amino acids in perfusates given at a constant rate of inflow. In other studies (8), canine pancreatic protein output showed a general increase as loads of two amino acids (leucine + tryptophan) were increased by increasing the flow rate at a constant concentration.
In man (7)) duodenally perfused mixtures of amino acids were supramaximal for pancreatic enzyme secretion when the mixtures were perfused at very high flow rates (10 ml/min) at concentrations ranging from 18 to 272 mM; dose relationships at lower loads were not studied. The results of the present studies (indicating pancreatic response is related to load whether load is varied by varying concentration or flow rate) unify these various results of other workers.
Finally, the above results indicating a wide distribu-tion of receptors mediating the phenylalanine response along the canine gut are consistent with parallel experiments and results in man (6). On the other hand, Konturek et al. (10) concluded that the ability of the gut to mediate pancreatic response to amino acids diminished rapidly with distance caudad to the ligament of Treitz. Those experiments were performed by perfusing ThiryVella loops of proximal bowel constructed from different areas of gut in different groups of dogs. Correspondingly, their conclusion rested on the assumptions a) that the mucosa of isolated Thiry-Vella loops remained fully responsive to the amino acid stimulus and b) that variations of pancreatic response to luminal amino acids among dogs were small because different sets of animals were used to compare loop responses from different regions of the gut. In the present experiments, each dog served as his own controls, and phenylalanine was instilled into segments of bowel in continuity with the rest of the gut.
Effects of other amino acids. Eleven other amino acids were screened for stimulating effects. Of these, Ltryptophan was found to be especially potent, perhaps slightly more effective than phenylalanine (Fig. Z) , since 15 mM tryptophan produced a higher mean bicarbonate and protein output than 15 mM phenylalanine at comparable rates of flow, though differences were not statistically significant. Of the others, alanine, leucine, and valine produced higher protein outputs than the control perfusions, but in the few tests employed these pancreatic responses were not significantly greater than control responses. None of the other amino acids tested produced responses that differed qualitatively or quantitatively from mannitol despite the fact that with each block of tests the dogs were shown to remain responsive to equal loads of intestinally perfused phenylalanine (Table 5) .
The results are in essential agreement with most other observations. Thomas and Crider (24) found that at pH 7 neither glycine nor glutamate stimulated canine pancreatic secretion; Wang and Grossman (26) reported that of 13 individual luminal amino acids tested in dogs (10 essential amino acids + glycine, glutamate, and tyrosine) only phenylalanine and tryptophan were potent stimuli, whereas leucine produced lower but measurable pancreatic responses. In man, Go et al. (7) found that phenylalanine, tryptophan, valine, and methionine were individually potent, but a number of other tested amino acids were without effect. More recently, Konturek et al. (9) tested 16 individually perfused luminal amino acids in dogs; like the others, they found tryptophan and phenylalanine especially potent, but unlike the others, they found that all other tested amino acids, except aspartate, cysteine, and threonine, also stimulated. From our findings, and the results of others, the following conclusions can be drawn: a) there is no complete agreement about which amino acids stimulate; b) however, phenylalanine and tryptophan are especially potent; and c) stimulating activity in general has been found confined to neutral amino acids, especially those with highly lipophilic, uncharged aromatic, or branched-chain aliphatic structures (leucine, valine).
Since most investigators have found only a few amino acids were potent, even when, as here, amino acids were instilled at high loads, it remains unclear how amino acids stimulate under normal feeding conditions, where concentrations of these few stimulating amino acids in the gut lumen are low (discussed further below). One possibility to explain this seeming paradox is that those amino acids that are individually impotent may nonetheless exhibit potency when perfused in mixtures or may augment the action of individually potent amino acids in the mixtures.
Mixtures of amino acids. To the contrary, the few experiments reported here did not demonstrate anomalous potency of mixtures.
To simplify the experimental design, mixtures of two amino acids were investigated extensively.
A pair of stimulants, tryptophan and phenylalanine, were tested first to determine whether the two amino acids together had synergistic effects on pancreatic secretion (Fig. 2) are consistent with an additive response, the combination of 15 mM tryptophan together with each dose of phenylalanine producing the same high outputs that may have been maximal. Nevertheless, since a) statistical differences were not achieved in most cases and b) maximal responses were not determined in this group of dogs, it cannot be concluded with certainty that the two amino acids together had additive effects. Similar experiments have not been previously reported.
By contrast, adding a large dose of a nonstimulant, methionine, to phenylalanine, did not alter the phenylalanine response (Fig. 3) . Likewise, adding a group of six nonstimulating amino acids to a combination of tryptophan plus phenylalanine (Table 6 ) did not affect the responses to the mixture of tryptophan plus phenylalanine. Based on these findings, we conclude that nonstimulating amino acids do not affect responses to stimulants perfused in a mixture of amino acids. Likewise, in man, Go et al. (7) found that an impotent mixture of nonessential amino acids did not alter pancreatic responses to a stimulating mixture of essential amino acids when the two mixtures were combined in a single perfusate.
The finding (Fig. 3 ) that 180 mM methionine perfused with phenylalanine did not alter the pancreatic response seemed paradoxical to us. The previous experiments (above) stronglv indicated that pancreatic re-MEYER, KELLY, SPINGOLA, AND JONES sponse to phenylalanine was a function of bowel length exposed to effective luminal concentrations of phenylalanine. Yet despite the predicted (and subsequently demonstrated) inhibition of phenylalanine absorption, which should have allowed more phenylalanine to reach distal regions of gut, there was no change in pancreatic response. The explanation appears to be that the methionine inhibited receptor response to phenylalanine as well as phenylalanine absorption. Thus when perfusates were confined to the proximal 45-cm segments, a situation in which the number of available receptors was limited by segment length, the methionine reduced pancreatic protein outputs from 268 to 179 mg/15 min (Table 7) . When each perfusate was allowed access to the whole gut, known to contain receptors well beyond 90 cm (see above), the number of available receptors was relatively unlimited, and the slowed phenylalanine absorption allowed contact with more receptors, balancing out inhibiting of receptors by the methionine. This principle is demonstrated by the fact that the methionine shifted much of the phenylalanine response to the distal jejunum (Table 7) .
Application to normal alimentation. The several experiments of this type (7-10, 16,26), in which large loads of amino acid stimulants were infused at the pylorus, bear little relationship to normal alimentary events. During normal alimentation, amino acids do not enter the duodenum in appreciable loads, nor do luminal concentrations of amino acids reach levels utilized in these experiments (2, 19) . Normally, some amino acids are liberated by luminal proteolysis along the proximal gut and are quickly absorbed, whereas others appear to be absorbed directly in peptide form (22) . Experiments of the present nature therefore are pharmacological exercises that divulge information about the nature of gut receptors mediating pancreatic responses to amino acids.
From the present and previous experiments of this nature, we conclude the following. a) At 8 mM concentrations or above, pancreatic response to phenylalanine (and we presume other amino acids) is related to load. b) Phenylalanine receptors are distributed well beyond 90 cm of proximal gut and this distribution could account for load-related pancreatic responses (see above). c) Few luminal amino acids stimulate the pancreas; activity is confined to neutral amino acids, principally the aromatic amino acids or aliphatic amino acids with lipophilic side chains. d) Mixtures of perfused amino acids do not have anomolous effects; the potency of mixtures seems to be related to their content of individually potent amino acids. e) Very little pancreatic response can be generated by short segments of gut exposed to amino acids (Table 3) .
The first conclusion has the corollary that gut receptors are fully responsive to amino concentrations as low as 8 mM and perhaps much lower (unknown lower concentration limits for full efficacy). Conclusions c and d do not support the traditional assumption (26) that postcibal pancreatic response is evoked by complex luminal mixtures of amino acids having potencies similar to those of high loads of individual stimulating amino acids.
The very amino acids that are the most powerful First, it suggests that stimulation of pancreatic enzyme secretion by luminal amino acids after protein feeds depends on an adequate supply of pancreatic proteases to liberate these amino acids. Probably there is always enough protease in the lumen for some of the required proteolysis. Second, however, it is known that only 3-25% of amino acids fed in the form of protein are in the free form in the upper gut (2, 19) . Third, the luminal concentration of most
